We study, in the context of five dimensional N = 2 gauged supergravity with vector and hypermultiplets, curved domain wall solutions with worldvolumes given by four dimensional Einstein manifolds with a negative cosmological constant. For a choice of the projection condition on the Killing spinors of the BPS solutions, first order differential equations governing the flow of the scalars are derived. With these equations, we analyze the equations of motion and determine the conditions under which gauged supergravity theories admit Einstein domain wall solutions. We note that if the worldvolume admits supersymmetry, then the corresponding domain wall is BPS. However, for the supersymmetric flow of the scalars and warp factor of the BPS solution, the equations of motion allow the curved worldvolume to be any Einstein manifold with a negative cosmological constant and thus one, for example, can construct non-supersymmetric domain walls with anti-de Sitter Schwarzschild worldvolume. *
Introduction
There has been recently some interest in the study of supersymmetric as well as nonsupersymmetric domain walls and black holes as solutions of N = 2 five-dimensional gauged supergravity. This activity was mainly motivated by the desire to embed the Randall-Sundrum [1] scenario in the framework of string or M-theory. The choice for five dimensional gauged theories comes from the fact that such theories allow for anti-de Sitter vacuum states which are fundamental for the realization of the Randall-Sundrum model. Also of interest is the study of black hole solutions in gauged supergravity theories as they play a fundamental role in the conjectured AdS/CFT correspondence [2] . In the past few years, supersymmetric black holes and strings, as well as non-supersymmetric generalizations have been constructed (see [3] ) for the U(1)-gauged N = 2 supergravity [4] .
Very recently, there has been a shift towards the study of N = 2 supergravity with gauged hypermultiplets. Ultimately, one would like to investigate the most general theories and study their solutions in the hope of finding a particular model which may incorporate Randall-Sundrum scenario in a supersymmetric setting. Flat domain walls and black hole solutions for five dimensional supergravity theories with gauged isometries of the hypermultiplets have been discussed very recently in [5, 6, 7] .
In this paper we are interested in the study of curved Einstein domain walls for the gauged supergravity theories discussed in [9] . Such a study has been initiated by the recent work of Cardoso et al [10] . In a previous paper [8] , we have shown that the flat-worldvolume domain wall solutions found in [5] can be generalized to solutions with Ricci-flat worldvolumes. In [5] it was established that flat BPS domain wall solutions of gauged supergravity with hypermultiplets can only exist under certain conditions (see next section). These conditions are in general not satisfied and this may restrict the class of gauged supergravities that have flat BPS solutions. Our purpose in this work is the study of domain wall solutions with four dimensional worldvolumes given by Einstein spaces with negative cosmological constant. In the analysis of [8] , where the projection condition on the Killing spinors as given in [5] was used, it was shown that such solutions do not exist. Here we will show that by allowing a simpler projection condition, one may be able to obtain solutions with Einstein worldvolumes. Our analysis is carried out in the context of gauged N = 2 supergravity models of [9] and in the absence of tensormultiplets. We will determine conditions under which Einstein curved domain wall solutions can exist for the N = 2 gauged theory.
We organize this work as follows. In the next section the supergravity theories we wish to study are reviewed together with a brief discussion on their possible Ricci-flat domain wall solutions. In section three, we look for BPS Einstein domain wall solutions by solving for the vanishing of supersymmetry transformations of the fermi fields in a bosonic background. This is done for a general choice of the projection condition on the Killing spinors. We analyze the equations of motion and determine some conditions under which the gauged supergravity theories may allow for Einstein domain wall solutions with a negative cosmological constant. In particular, the conditions under which the models presented in [11] can be embedded in gauged N = 2 supergravity theory are determined. BPS solutions breaking a fraction of supersymmetry are those with worldvolumes given by the four dimensional anti-de Sitter space and its quotients. It is important to note that for the supersymmetric flow of the scalars and warp factor of the BPS solution, the equations of motion allow the curved worldvolume to be any Einstein manifold with a negative cosmological constant. Therefore one, for example, can construct non-supersymmetric domain walls with anti-de Sitter Schwarzschild worldvolume. Finally we summarize our results and discuss possible future directions.
Ricci-Flat Domain Walls
In this section we briefly review gauged supergravity models and their possible Ricci-flat domain wall solutions [9, 5, 8] . The gauged supergravity theories we are interested in are those minimal theories (with eight real supercharges) coupled to n V vectormultiplets and n H hypermultiplets, where global isometries including R-symmetry are made local. Specifically, we consider the models constructed in [9] without tensormultiplets. The fermionic fields of the N = 2 supergravity theory are 1 the gravitini ψ (I = 0, 1, ...., n V ), the real scalar fields φ x , (x = 1, . . . , n V ) of the vectormultiplets and the scalars q X (X = 1, ..., 4n H ) of the hypermultiplets. The scalar fields of the theory live on a manifold M = M V ⊗ M H , which is the direct product of a very special [12] and a quaternionic Kähler manifold [13] with metrics denoted, respectively by g xy (φ) and g XY (q). The target manifold of the scalar fields of the vectormultiplets M V is a very special manifold described by an n V -dimensional cubic hypersurface
of an ambient space parametrized by n V + 1 coordinates
, where C IJK is a completely symmetric constant tensor which defines Chern-Simons couplings of the vector fields. A classification of the allowed homogeneous manifolds can be found in [12] . The quaternionic Kähler manifold can be described in terms of the 4n
where ǫ ij and C αβ are the SU(2) and USp(2n H ) invariant tensors respectively.
We are mainly interested in finding bosonic configurations and will only display the bosonic action of the gauged theory as well as the supersymmetry variations of the fermi fields in a bosonic background. The bosonic action for vanishing gauge fields is given by
where E = √ − det g M N and the scalar potential is given by [9] 
and
Here K X I , P I are the Killing vectors and prepotentials respectively. For details of the gauging and the meaning of the various quantities, we refer the reader to [9] .
The bosonic part of the supersymmetry transformations of the fermi fields in the gauged theory, after dropping the gauge fields contribution, are given by
Flat domain walls for the general gauged N = 2 supergravity theory without tensormultiplets were considered in [5] . There it was found that if one writes
where W is the norm (the superpotential) and Q (r) are SU(2) phases of P (r) (φ, q), then the existence of BPS flat domain wall solutions with metric 6) and Killing spinors satisfying
requires that Q (r) must satisfy the condition
The condition (2.8) then implies that the scalar potential takes a form which guarantees stability [14] ,
where Λ, Σ run over all the scalars of the theory. The condition (2.8) is satisfied when there are no hyper scalars and only Abelian vectormultiplets, in which case the Q (r) are constants. Also (2.8) is obviously satisfied when there are no physical vectormultiplets. In general, the condition (2.8) is not satisfied for a generic point on the scalar manifold, and this may restrict the class of gauged theories that have Ricci-flat BPS solutions. The scalar fields and the warp factor for the flat BPS domain wall solutions are given by [5] 
The prime symbol denotes differentiation with respect to the fifth coordinate z. As discussed in [8] , the flat BPS domain walls of [5] can be promoted to solutions with Ricciflat worldvolumes. The amount of supersymmetry preserved by the five dimensional domain wall depends on the amount of supersymmetry preserved by its four dimensional Ricci-flat worldvolume.
Einstein Domain Walls
In this section, we are interested in studying domain walls with Einstein worldvolumes with a negative cosmological constant. In [8] it was shown that supersymmetric solutions are not necessarily solutions of the equations of motion (see also [15, 16] ). Therefore it is important in our subsequent analysis to make sure that possible supersymmetric configurations satisfy the equations of motion. Our main interest is to determine the conditions under which the N = 2 gauged supergravity theories may allow for Einstein domain wall solutions. We start our analysis by allowing for a general projection condition on the Killing spinors, therefore we write [10]
where all quantities appearing in the projection condition are in general field dependent. If A = 1, one has the projection condition of [5] . For these cases, as mentioned in the previous section, it was found that one must satisfy ∂ x Q (r) = 0 in order to obtain flat BPS domain wall solutions.
The metric of our curved domain wall can be put in the form
and all the dynamical scalar fields of the theory are assumed to depend only on the fifth coordinate z. The non vanishing spin connections for our metric are given by
Then from the vanishing of the µ-component of the gravitini supersymmetry transformation we obtain
where we have used the projection condition (3.1) as well as
The vanishing of the gaugini supersymmetry transformation results in the following equations representing the supersymmetric flow of the vectormultiplets scalars [10]
From the vanishing of the hyperini supersymmetry transformation, we obtain the supersymmetric flow equation of the hyper scalars. This is given by
If one requires that the worldvolume Ricci-tensor satisfies
then integrability coming from the vanishing of (3.4) implies [10] (AU
We now turn to the analysis of the equations of motion. The Einstein equations of motion give for the worldvolume Ricci-tensor
Also one finds the following expression for the zz-component of the five dimensional Riccitensor
The scalar potential of the theory now takes the form [10]
where we have made use of (3.6) and (3.7). Using (3.11) and (3.12) together with the supersymmetric flow equations, one finally gets for the worldvolume Ricci-tensor the following expression
(3.14)
The equation of motion for the scalar fields derived from the action (2.2) reads
Using the expression for V as given in (3.13), one then obtains, respectively, for the vectormultiplets and hypermultiplets scalars, the following equations
In the following we will demonstrate that some of the conditions one must impose in order to obtain Einstein domain walls are
For such conditions, we obtain from the Ricci-scalar equation (3.14) as well as integrability condition (3.10), the equations
which imply for non trivial warp factor that
Returning back to the equations of the scalar fields and using (3.21), it can be easily seen that (3.16) is satisfied provided
and from the hyper scalars equation of motion (3.17) we get the condition
3 For gauged supergravity theories with one vectormultiplet, the second condition of (3.22) is automatically satisfied. These cases represent possible supersymmetric embedding of the nonsupersymmetric models presented in [11] . Also using (3.18), the scalar potential of the theory becomes
which agrees with the form of the scalar potential given in [11] . Note that for frozen scalars and under certain conditions discussed in section (2.4) of [5] , the solution obtained is actually AdS 5 [11] and supersymmetry is fully restored. We now return to the analysis of the projection condition (3.1). The vanishing of the fifth component of the gravitini supersymmetry variation together with (3.4) implies more integrability conditions given by
where c (r) are constants satisfying c (r) c (r) = c 2 . One obtains the following solution
where e (r) are constants expressed in terms of c 3.27) and the projection condition takes the simple form:
Finally from equation (3.26) , it is clear that Q (r) must satisfy the same conditions that must be satisfied by A. 3 However for the cases where
we do not need to impose the condition ∂ x ∂ X W = 0.
We note that if the worldvolume admits Killing spinors then the full five dimensional domain wall solution is BPS. For example, if one takes the worldvolume to be anti-de Sitter which preserves all supersymmetry, then the only condition on the Killing spinors is the one given by (3.1) and thus the domain wall in general breaks half of supersymmetry. However, for the BPS warp factor and the supersymmetric flow of the scalars, the equations of motion only impose that the worldvolume is given by an Einstein metric with a negative cosmological constant. As an example one may have anti-de Sitter Schwarzschild black hole as a worldvolume resulting in non-supersymmetric domain wall.
Next we consider the case of a gauged supergravity model with several vectormultiplets. Inspecting the conditions (3.22), it can be seen that solutions may exist if one takes A = A(W ). With such condition, the last equation in (3.22) is automatically satisfied. Using (3.21) and (3.19) we obtain
where G is some function of W. Differentiating equation (3.29) one arrives at the following equation
which is only consistent if one allows for the very restrictive condition g xy ∂ x W ∂ y W = f (W ) in which case one has
which in reality is nothing but a differential equation for A. Differentiating (3.30) and using (3.32) one arrives at the following differential equation for A,
This can be solved by
Equivalently we can solve directly for the warp factor. From equation (3.29) , it is clear that the knowledge of G(W ) fixes e −2U . The differential equation for G given by (3.32) can be integrated and one gets the following solution
Obviously, the dependence of U on the coordinate z is determined by W = W (z). Recalling that
we then obtain the following relation
Discussion
In this paper we have studied the possibility of constructing domain wall solutions with Einstein worldvolumes with a negative cosmological constant for the theories of five dimensional N = 2 gauged supergravity theories of [9] in the absence of tensormultiplets. The first order differential equations representing the supersymmetric flow of the scalars of the BPS solutions are derived (see also [10] ). Also, we have determined the projection condition on the Killing spinors of these solutions. These turned out to be very simple and field independent. The supersymmetric flow equations of the scalars together with Einstein and the scalar fields equations of motion are analyzed and we have determined the conditions under which solutions with a cosmological constant on the worldvolume exist. In particular, under certain conditions, the non-supersymmetric theories discussed in [11] can be embedded in N = 2 gauged supergravity theories. We have also discussed some possible solutions for the more general cases which can only exist under very restrictive assumptions. We have also noted that, for the supersymmetric flow of the scalars and warp factor of the BPS solution, the equations of motion allow the curved worldvolume to be any four dimensional Einstein manifold with a negative cosmological constant. It remains to be seen whether one can explicitly construct N = 2 gauged supergravity theories which satisfy the constraints derived in this paper which are necessary for the existence of curved Einstein domain walls. Moreover, it would be interesting to generalize our result to four dimensional theories and investigate general domain wall solutions with non-trivial gauge fields on the worldvolume [17] . We hope to report on these issues in a future publication.
